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Abstract: This publication concerns the optimization of the retraction settings using a retraction
model which is then used to eliminate oozing by smart planning of retractions via slicing software
(such as Ultimaker Cura®).

Filament oozing is a phenomenon within FFF manufacturing when filament is extruded from a print
nozzle unintentionally. This can happen for example during a travel move of the print head. This
results in unwanted material on the outside of the nozzle which might then be deposited once the
nozzle crosses the outer shell of the printed model. As a result, a single blob is formed and if this
happens on multiple layers, the result will be a structure made of multiple unwanted blobs.
For certain filament, strings of material can be formed which can stick to the printed model or be
transferred to the moving parts of the printer (Shafts, fans, etc.) where they could cause reliability
issues.

Fig. 1
Figure 1 shows an example of two separated cylinders 1 printed with an FFF printer using TPU
filament. Figure 1 shows several oozing-related artifacts: stringing 2, and blob structures 3.
Filament oozing is amongst others dependent on:
•
•
•
•
•
•

Filament type (Some materials are notorious for oozing, e.g. CPE, TPU, PVA)
Filament humidity (Humid filaments are more oozing than dry ones)
Nozzle size (The bigger the nozzle the more oozing)
Nozzle temperature (The higher the temperature the more oozing)
Residual pressure in the nozzle (Can be controlled by retraction distance)
Time

More info: https://www.simplify3d.com/support/print-quality-troubleshooting/stringing-or-oozing/
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Due to the nature of filament feeding and the possibility of feeder wheel(s) grinding into the
filament, it’s a logical practice to try to minimize the number of retractions as well as the retraction
distance to minimize the probability of filament grinding. Another aspect to note down is that each
retraction takes time so increasing retraction distance adds up to the printing time.
As the amount of oozed filament depends on time, the longer the travel move, the more filament
will ooze out given the fixed retraction length and thus fixed residual pressure in the nozzle.

Fig. 2
Figure 2 shows a high-level block diagram of the proposed method. As can be seen from Figure 2, an
output of a newly proposed Time-based Retraction model is input for a Travel time to Retraction
distance calculation so as to obtain an improved retraction distance and therefore a more optimal
slice model having no or less oozing issues.
Tests were performed to identify the model of retraction behaviour. This model maps the necessary
retraction length that is needed for a specific travel move time while not generating any oozingrelated visual artifacts. In the tests we used two circular towers that were set at a defined distance
(50, 100, 150, 200, 250 mm). Practical implementations of these were designed as can be seen in
Figures 3-5.
Fig. 3 shows travel moves 100 and 150 mm, Fig. 4 travel moves 200 and 50 mm, Fig.5 travel move of
250 mm. Fig. 6 shows an example of model sliced with Ultimaker Cura®. The models were printed
with light grey CPE and AA0.4 print core on an Ultimaker S5 printer, which can be considered a
standard printing scenario for current Ultimaker Bowden-style printers with ooze-prone filament.

Fig. 3
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Fig. 4

Fig. 5

Fig. 6

It is noted that the tests were performed only with this combination of nozzle/filament on one
printer with one printout each, so the retraction model may not be representative for any printer or
any other nozzle/filament combination. It is suggested to do further research wherein a proper
implementation that is tuned for each filament/nozzle combination while staying within safe limits
and proper reliability margins.
The retraction model was created as a system identification based on real-life test data with no
attempt to further understand in-nozzle working of this model.
By using the retraction model and the ability to predict the next travel move time period in
Ultimaker Cura®, we were able to set the retraction distance to the appropriate value. So instead of
one retraction length value as is now standard, we can vary the retraction distance thereby
optimizing the overall behavior (minimize the retraction distance w.r.t. oozing).
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Fig. 7 – Comparison of current Cura retraction model (Orange) and the proposed one (Blue)

Figure 7 shows a graph of the retraction distance as a function of travel move time for the current
Cura retraction model (orange line) and the proposed one (blue line). From the results in Figure 7, it
is clear that:
1. For travel move times smaller than ~0.6 sec, the current Cura profile is retracting
considerably more than needed. This results in more than optimal wear of the filament,
mainly in the series of shorter travel moves.
2. For travel move times higher than ~0.6 sec, the current Cura profile is retracting less than
needed for ooze-free result. This results in oozing artifacts stuck to the outside of the
printed part.

Implementation notes:
1. As retractions take time, in the proposed implementation the retraction is divided into two
separate moves. The first move happens after the coasting move, yet still in the envelope of
the printed model; a second move adds to the final retraction distance and happens during
the beginning of the travel move. In this way the nozzle doesn’t stay on top of the model
while waiting for long retractions to happen. If hot nozzle stays on top of the model for
several seconds while long retractions are taking place, then possible visual artifacts arise
from the local heating for the said prolonged period (e.g. local melting or material
degradation).
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2. Current tests for devising the model have been done characterizing retraction behavior. It is
probable that for proper working, parameter “Extra prime amount” that sets the asymmetry
between retraction and priming distance may need to be set as a part of the model, making
it a full retraction/priming model.
3. Our model could not get rid of all oozing when it comes to relative long travel move times.
Therefore, the maximum retraction distance shall be capped at a reasonable value as too
large retraction can cause other issues. In our case it was 28 mm that proved to be still
acceptable and gave good visual results.
4. The presented model is very coarse and based on discrete datapoints. For implementation, it
is possible to either follow this pattern and use a look-up table or perform a (partial) linear
or polynomial fit to interpolate missing retraction values.
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